The critical need to emphasize preterm infant follow-up after neonatal intensive care unit (NICU) discharge assures early identification of and intervention for neurodevelopmental disability. The aims of this study were to observe the follow-up rates in high-risk follow-up clinics, and analyze factors associated with non-compliance to follow-up among very low birth weight (VLBW) infants. The data was prospectively collected for 3063 VLBW infants between January 2013 and December 2014 from 57 Korean neonatal network (KNN) centers at a corrected age of 18-24 months. Correlations among demographic data, clinical variables, and neonatal intensive care unit (NICU) volume (divided into 4 quartiles) with the occurrence of non-compliance were analyzed. The overall follow-up rate at the corrected age of 18-24 month was 65.4%. The follow-up rates were inversely related to birth weight and gestational age. Apgar score, hospital stay, maternal age, and maternal education were significantly different between the compliance and non-compliance groups. The follow-up rate was higher for mothers with chorioamnionitis, abnormal amniotic fluid, multiple pregnancy, and in vitro fertilization. Infants with respiratory distress syndrome, bronchopulmonary dysplasia, patent ductus arteriosus ligation, periventricular leukomalacia, and retinopathy of prematurity were more common in the compliance group. Follow-up rates showed significant differences according to NICU volume. Using multivariate logistic regression, high birth weight, low NICU volume, siblings, foreign maternal nationality and high 5 min APGAR scores were significant independent factors associated with the non-compliance of VLBW infants for follow-up at 18-24 months of age. This is the first nation-wide analysis of follow-up for VLBW infants in Korea. Understanding factors associated with failure of compliance could help improve the long-term follow-up rates and neurodevelopmental outcomes through early intervention.
Introduction Improvement of survival rates for very low birth weight (VLBW) and extremely preterm infants resulted in advances in perinatal and neonatal care [1] [2] [3] . However, preterm infants are at a high risk for neurologic and developmental sequelae [4] [5] [6] and require significant outpatient services [7] . In Korea, over 3000 VLBW infants are born and discharged every year. The need to link high-risk infant tracking after discharge from the neonatal intensive care unit (NICU) has been emphasized to assure early identification and intervention [8] . Unfortunately, successful visits for outpatient services in recent studies are not guaranteed, with compliance rates between 70% to 100% with variations, even if neonates were identified as highrisk infants and careful follow-ups are required [9, 10] . In a population-based study, there was also wide variability in referral among regions (8-98%) and NICUs (< 5-100%) [11] .
High-risk infants who missed follow-up were more likely to present with severe impairment, such as cognitive impairment, or sensory adverse events. Prior research has found many factors to be associated with NICU follow-up appointment compliance [10, [12] [13] [14] [15] . To date, little is known about the risk factors associated with failure of referral to followup based on population-based analyses. From the California perinatal quality care collaboration [11] , higher odds of high-risk infant follow-up (HRIF) referral were associated with lower birth weight, higher NICU volume, and California children's services regional level. Besides, lower odds were associated with small for gestational age and specific maternal race.
The Korean Neonatal Network (KNN) was established in 2013 to improve data collection systems in participating facilities and study various factors associated with mortality and morbidity of VLBW infants in Korea. Long-term data were also collected at the corrected age of 18-24 months and postnatal age of 3 years for VLBW infants. A better understanding of longterm outcomes in a national cohort will lead to improved approaches to neonatal care for VLBW infants in Korea. However, successful compliance with appropriate care and presentation to follow-up clinics must be guaranteed first and foremost.
The aims of this study were to observe the follow-up rates to high-risk follow-up clinics at the corrected age of 18-24 month, and to identify predictors of non-compliance to follow-up among VLBW infants in the KNN.
Methods

Study population
Data were prospectively collected for 3522 VLBW infants born between January 2013 and December 2014 from 57 KNN centers by local staff using a standardized electronic case report form [16, 17] . The inclusion criteria for KNN was all VLBW infants born in or transferred to participating neonatal centers within 28 days of birth and surviving to discharge home. In this study, 459 preterm infants with deaths during the hospital stay were excluded. As a result, a total of 3063 infants were included. This study was approved by the Samsung medical center institutional review board (2013-03-002). The data registry was approved by each institutional review boards of all 57 hospitals participating in the KNN. Written consent was obtained from the parents of infants during enrollment in KNN.
Definition
Several factors potentially associated with non-compliance to follow-up clinics for VLBW infants were evaluated. Maternal, demographic, and NICU-related data were obtained through KNN records. Gestational age was determined by obstetric examination with ultrasonography early during the pregnancy or, via obstetric history based on the mother's last menstrual period. Birth weight was recorded for each baby as soon as they arrived at the NICU for admission. Bronchopulmonary dysplasia was defined by NIH classification [18] . Necrotizing enterocolitis (NEC) (! stage 2) was classified according to the system of Bell et al [19] . Severe intraventricular hemorrhage (IVH) was defined as more than graded II according to the method of Papile et al [20] . Mechanical ventilation was defined as the need for conventional or high frequency ventilation any time during the NICU stay. NICU volume was based on the total number of VLBW infants discharged between 2013 and 2014 for each NICU. NICU volume was then divided into 4 groups according to quartiles.
Statistical analysis
Unadjusted comparisons of maternal demographics and neonatal characteristics between the compliant and non-compliant groups with high-risk follow-up were performed using a chisquared or Fisher's exact test for categorical data and Student's t-test for continuous data. The correlations between compliance to follow-up clinics, gestational age, and birth weight were evaluated using Pearson's correlation coefficients. Receiver operating characteristic (ROC) curve analysis with associated area under the curve (AUC) was conducted to explore the discriminate ability of NICU volume, gestational age, and birth weight in predicting compliance to follow-up clinics with the selection of the most suitable cut-off point of each parameter with the best sensitivity, specificity, and overall accuracy. Multivariate analyses of variables found to be significant on univariate analysis were also performed to identify independent predictors of non-compliance to follow-up clinics. All statistical analyses were performed using SPSS software version 25.0 (Armonk, NY: IBM Corp) and P values of < 0.05 were considered significant.
Results
Among 3063 infants survived to discharge, 2003 infants (65.4%) were followed-up at the corrected age of 18-24 months. Significant differences were found for the following factors between the compliant and non-compliant groups, as shown in Table 1 : mother with amniotic fluid volume abnormalities, multiple pregnancy, in vitro fertilization, maternal age, chorioamnionitis, maternal education level, maternal nationality, Apgar score, and siblings.
Follow-up rates were significantly and inversely correlated with gestation and birth weight (P < 0.001) (Fig 1) .
Neonatal morbidity such as respiratory distress syndrome (RDS), air leak, patent ductus arteriosus (PDA) ligation, periventricular leukomalacia (PVL), retinopathy of prematurity (ROP), and duration of supplement oxygenation showed significant differences between the compliant and not-compliant groups (Table 2) .
NICU volume, as calculated according to the number of VLBW infants per institution enrolled in KNN, showed significant differences in follow-up rates. Higher NICU volume correlated with higher follow-up rates. The smallest NICU volume group, the 3 rd quartile, and the largest NICU volume group showed significant differences in the follow-up rate compared to others (Table 3) . A ROC curve analysis was conducted to explore factors predicting non-compliance to follow-up clinic. ROC analysis for birth weight and follow-up (P < 0.001) showed an AUC of 0.567 (sensitivity of 55.9% and specificity of 54.4% for a cutoff of 1162.5 g). For gestational age and follow-up (P < 0.001), the AUC was 0.560, with a sensitivity of 54.2% and specificity of 53.5% for a cutoff of 29.2 weeks. For NICU volume and follow-up (P < 0.001), the AUC was 0.612, with a sensitivity 53.0% and specificity of 59.1% for a cutoff of 3 rd quartile of NICU volume.
In multiple logistic regression, foreign maternal nationality, siblings, 5-min APGAR score, birth weight, and NICU volume were confirmed as significant predictors of non-compliance to follow-up (Table 4) .
Discussion
Preterm infant follow-up clinics after NICU discharge play important roles in monitoring growth and development; provides continuity of medical care; and provides assurance of appropriate therapeutic interventions [21] . High follow-up rates have positive impacts on post-discharge health care and also allows NICU treatment to be assessed after discharge, as well saving time and money [9, 10, 22] . This is the first study to analyze the follow-up rates and factors associates with non-compliance to follow-up as a nation-wide study in Korea. Understanding factors associated with non-compliance to follow-up is a starting point for providing targeted intervention [9] .
Lack of developmental follow-up has been associated with higher rates of neurodevelopmental impairment. The American Academy of Pediatricians recommends that preterm infants be followed-up by physicians affiliated with a NICU [21, 23] . However, although established NICU follow-up clinics exist, successful follow-up is not assured, and follow-up rates are highly variable. Recent studies have reported compliance rates ranging from below 70% up to 100%, so quality improvement initiatives aim to increase these rates. Variations depend on the local situations, with inter-hospital and international variability noted. Prior research has identified many factors associated with NICU follow-up appointment compliance. Maternal drug use (odds ratio [OR] = 0.049), multiple gestation pregnancy (OR = 0.163), male sex (OR = 0.308), and greater distance from the hospital (OR = 0.987) [9] were independently associated with reduced appointment compliance. Others showed multiple gestations, postnatal glucocorticoids, chronic lung disease, and multiple morbidities have been associated with compliance [12, 14, [24] [25] [26] [27] [28] . In this study, siblings, birth weight, NICU volume, maternal foreign nationality, and 5-min APGAR score were confirmed as significant independent predictors of increasing non-compliance to follow-up.
In this study, the compliant group had higher rates of multiple pregnancies. Previous reports showed that non-compliance after a multiple pregnancy might be due to the fact that caring for two sick newborns puts even more stress on the resources and time of a family than caring for one newborn [9] . This difference can explain why IVF is more common in VLBW infants in Korea [29, 30] than in the USA in 2014 [31] , and multiple pregnancy rates showed higher trends in Korea than other countries. These are highly correlated because there is an increasing likelihood that an artificial pregnancy will conceive the twins [29] . The parents may have much concern for neurodevelopment disability in preterm twin babies conceived through IVF in Korea. In accordance with a previous study, non-compliance to follow-up in cases involving multiple children may be explained by the shortage of time and resources of parents unlike cases involving only one child. It has been reported that male infants are associated with greater non-compliance than females [12] , however, we identified no sexual difference in terms of follow-up rates. Higher rates of compliance among infants with longer NICU stays and more days on oxygen remained independently significant, consistent with our study [9] . However, they were not identified as independent predictors for the non-compliance to follow-up on multivariate analysis. Children of older mothers were more likely to attend follow-up (30 years vs 27 years) [28] . In this study, the compliant group showed a significantly older maternal age. Higher NICU volume was associated with greater odds for high-risk infant follow-up referrals [11] . In this study, NICU volume was significantly associated with compliance to followup in clinics. The NICU with the highest quartile NICU volume showed the five times higher compliance with follow-up compared with the lowest quartile NICU volume. Similar to studies demonstrating the differences in personnel, resources, and approaches among follow-up clinics, we identified broad variations in the availability, process, and approach to follow-up clinics [22, 32, 33] . More financial and policy support to improve the follow-up rate from lower volume NICU centers is needed.
The ranked order of variables for predicting compliance to follow-up, as assessed by AUC analysis is as follows: NICU volume (0.612), birth weight (0.567), and gestational age (0.560) with poor prediction. It may be caused by the fact that compliance to follow-up is related with more than a single birth variable. Multiple variables, such as comorbidities and maternal factors, may exist. NICU volume ! 3 rd quartile, gestational age 29 weeks, and birth weight 1160 g were found to be significantly associated with compliance to follow-up. The parents of infants with a large gestational age and a high birth weight reflects the feeling of decreased need for follow-up. In order to improve the follow-up rate, it is essential to make an appropriate follow-up appointment at the time of NICU discharge [9] . However, there has been much variation concerning when and how to make follow up clinic appointments. After establishing the followup registry in KNN, all infants born at VLBW are expected to have scheduled appointments at a follow-up clinic at the corrected age of 18-24 month and at postnatal 3 years of age. A regular announcement system in the KNN concerning the need for infants to visit follow-up clinics could be created to remind physicians to encourage referral to follow-up clinics. Furthermore, annual education concerning the importance of follow-up clinic appointments, real-time display for the follow-up rate of each hospital, and regular reporting on the follow-up rate with comparisons to other hospitals would allow for improved consistency in follow-up clinics. Various interventions could potentially be used to increase the follow-up rate after NICU discharge. To provide patient education through printouts, conversations with primary health care physicians, and videos can help families recognize the importance of follow-up clinics. Reminder letters and phone calls have also been used with success [34] . In particular, we suggest it is necessary to target the infants with factors including mother with foreign nationality, infants with siblings, high APGAR score, and higher birth weight for intervention.
The limitation of this study was that it narrowly defined compliance to follow-up as collecting the data at the corrected age of 18-24 months. Families ultimately attending a follow-up clinic during a different age window were considered non-compliant. Furthermore, the non- compliant group may also include cases of death after discharge. NICU volume assumed as total number of annual enrollments in KNN during study period, it may have variation within the year and sites. Additionally, regional aspects such as distance, and resources for the hospital were not analyzed.
In conclusion, through this first nationwide study, we detected the factors associated with non-compliance to follow-up at the corrected age of 18-24 month. Strategies, such as patient education, reminder phone calls, and an organized system of storing and remembering appointments, should be used particularly targeted to families who may be at risk of non-compliant to follow-up based on the factors we have identified. This could contribute to improve patient care accordingly and long-term outcome through early detection and intervention. 
